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. VCAM-deficient mice do not survive embryogenesis, but die at midgestation of placental defects (9) . Although ICAM-1 is expressed on hematopoietic progenitor cells, a functional role in hematopoiesis has not been reported (10, 11) . ICAM-1-deficient mice are viable and fertile, with increased numbers of neutrophils and impaired neutrophil migration (12, 13) .
Cultured murine embryonic stem (ES) cells undergo a programmed pattern of growth and differentiation to form a cystic embryoid body (CEB). CEBs contain several cell types and organized structures such as vascular channels, beating areas, and blood islands (14) (15) (16) (17) (18) .
This in vitro system models that of the developing yolk sac, and it provides an accessible system for the study of vascular and hematopoietic development.
Here the kinetics and ontogeny of induction of ICAM-1 and YCAM RNAs by inflammatory mediators were investigated in a murine cell line used as a source of endothelial cells and in murine development. Adhesion receptor RNA induction in the cell line correlated with increased leukocyte binding. Adhesion receptor RNAs were expressed developmentally, and their expression was inducible at early stages of CEB development. These results suggest an early ontogeny of the signaling pathways used in the inflammatory response.
EXPERIMENTALPROCEDURES Cell culture
The Reverse transcnptase-polymerase chain reaction (RT-PCR) was perfommed using a modified protocol (23, 24) . cDNA was made horn total BNA, and the PCR primers used were: mICAM1-a, TCC1T1tA1I'lGCFiTfCfltC 3'. The rVCAM primers were generated using the rat VCAM sequence. Both sets of primers span introns. The PCR macton To analyze the induction pattern of RNA ( Fig. 1 ) in response to LPS and TNFa, total RNA was collected from Py-4-l endothelial cells after timed incubations. The RNA was hybridized to antisense RNAs for ICAM-1 and f-actin in an RNase protection assay (Fig. iA, B) , and the band intensities were measured using a phosphorimager ( Table  2) . ICAM-1 RNA levels were normalized to the f-actin RNA levels. Both TNFa and LPS produced elevated levels of ICAM-1 RNA in Py-4-1 cells. The increase in both cases was maximal at 2 h and decreased to near basal levels by 12-24 h. TNFa and LPS gave similar patterns and levels of induction.
Similar experiments were done with a VCAM probe ( Fig.   1G . D, and Table 2 ), and LPS and TNFa both induced YCAM RNA in Py-4-1 cells. The induction was again maximal at 2 h and returned to near basal levels by 24 h. Induction levels were dramatic, with a 15-to 18-fold increase in VCAM RNA with LPS or TNFa. This increase was larger than the 7-fold increase seen with ICAM-1, but the overall time course of induction was similar for both adhesion receptor RNAs. 
ICAM-!
and VCAM RNA expression in yolk sacs and CEBs
Blood islands form over several days in yolk sacs and CEBs as a result of both vascular and hematopoietic development.
RT-PCR analysis
was performed to analyze ICAM-1 and VCAM expression in yolk sacs and to compare expression between yolk sacs and CEBs. Yolk sacs were collected at 11.5 and 14.5 days of gestation, and CEBs were collected after 12 and 20 days of culture. The results (Fig. 2) showed expression of ICAM-1 and VCAM RNA in all stages of CEBs and yolk sacs examined.
Because yolk sacs and CEBs are similar in structure and both express ICAM-1 and VCAM RNA, we used the experimentally accessible CEBs to characterize the time course and the inducibility of adhesion receptor expression in development.
Induction of adhesion receptor RNAs in CEBs
To determine whether the primitive embryonic cells of vascular channels and blood islands respond to inflammatory mediators, day 12 CEBs were incubated with LPS for timed intervals. RNase protection assays were performed to quantitate levels of ICAM-1 and VCAM RNA (Fig. 3 and Table  2 ). ICAM-1 and VCAM both showed increased RNA levels at 2 h, with maximal levels at 4 h. RNA levels increased 3-to 5- The results showed localization of ICAM-1 protein to blood islands and vascular channels (Fig. 5) . The elongated cells lining the blood islands and vascular channels were stained, and these cells were I-
nature of the blood islands precluded analysis of the primitive hematopoietic cells in this assay, but preliminary results using confocal microscopy showed that both endothelial cells and some hematopoietic cells expressed ICAM-1 (data not shown). Exposure of the cultures to LPS (Fig. 5G-F and not by induction of expression in other cell types. Preliminary results showed that VCAM protein is expressed in the attached cultures, but the staining pattern was difficult to interpret and not localized to the blood islands (data not shown). to CEBs treated with carrier alone; lanes 3 and 4, day 6 CEBs; lanes 5 and 6, day 12 CEBs; lanes 7 and 8, day 16 CEBs; lanes 9 and 10, day 20 CEBs. The sizes of the protected fragments are as described in Fig. 1 960 Vol. (14, 17, 28) . Thus, the data imply that embryonic endothelial cells can respond to 
